A DWARF MUTATION IN THE RABBIT : THE CONSTITUTIONAL INFLUENCE ON HOMOZYGOUS AND HETEROZYGOUS INDIVIDUALS by Greene, Harry S. N.
A  DWARF  MUTATION  IN  THE  RABBIT 
THE CONSTITUTIONAL INFLUENCE ON HouozYGous AND HETEROZYGOUS 
INDIVIDUALS 
BY HARRY S. N. GREENE, M.D. 
(From the Department of Animal  and  Plant Pathology of The  Rockefeller Ir~titute for 
Medical Research, Princeton, New Jersey) 
PLATES 48  To 50 
(Received for publication, April 4, 1940) 
Size, physical conformation and character of coat are the chief distinguish- 
ing marks of standard races of rabbits.  All of these characters are inherited 
and by selective breeding have been utilized in the development and perfec- 
tion of numerous breeds.  The factor of size is of particular interest as an 
expression of inherent racial attributes and there exists an eight- to tenfold 
difference in  the  adult weights of individuals of the largest  and  smallest 
racial groups.  The smallest breed is the Polish which is said to have been 
developed by selective breeding of diminutive forms occurring among other 
breeds, particularly the Dutch.  Hence, the Polish rabbit occupies a unique 
position.  It is not only the smallest of standard breeds but is also a dwarf 
form. 
In the course of our studies on constitution, three strains of Polish rabbits 
have been obtained from widely separated sources.  Tests showed that all 
of these were of Dutch origin.  They were also of Dutch conformation and, 
except for the fact that they were albinos, were in reality diminutive Dutch 
rabbits.  However, they varied considerably in size and it was found that 
the smaller individuals of two of these strains  transmitted a  still  smaller 
lethal  type  of  dwarf entirely different from  the  normal young of  Polish 
rabbits. 
A  brief note on this condition was published in  1934  (1).  It is one of 
several variations characterized by a diminutive or dwarf-like form, present 
at birth,  with or without other distinguishing characteristics, which have 
been encountered in the course of an extensive investigation of hereditary 
constitutional variations in an animal population.  Taken as a whole, this 
group of diminutive conditions represents a  class of variations which is of 
frequent occurrence in the rabbit and includes forms which are comparable 
with the so called runts of domestic animals.  There are, however, funda- 
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mental differences between the various types comprising the group.  There 
are, on the one hand,  diminutive forms which appear to be attributable to 
size variations  of the  same genetic order  as  those  which  characterize  the 
size variations of standard breeds and have produced animals of the Polish 
type (2).  In addition,  it has been found that location in the uterus has a 
distinct effect on birth weights and that, in general, size increases with the 
distance  from  the  uterine  os  (3).  But  there  are  other  diminutive  forms 
which are definitely pathological and,  while the expression of these condi- 
tions is undoubtedly subject to the influence of such factors as those men- 
tioned,  they are  variations  of a  different  order  and  are  due primarily  to 
other  causes.  The  determination  of  the  genetic  and  constitutional  sig- 
nificance  of the  several diminutive  forms is,  therefore,  a  problem of con- 
siderable importance from a  functional as well as a  morphological point of 
view. 
For this reason,  an extensive investigation of the lethal dwarf mutation 
was undertaken.  In  the  course of this  investigation,  it became apparent 
that  the  mutation  which  rendered  homozygous  individuals  incapable  of 
living  exercised a  profound influence on  heterozygous individuals  as  well 
and  that  some of the most important  effects of this gene did not become 
apparent  until maturity or later in life.  Moreover, it was found that  the 
effect of the dwarf gene on the adult as well as on the newborn animal was 
greatly modified by the association with other genetic groups which were 
introduced intentionally or by chance in the course of routine hybrid mat- 
ings. 
The results to be reported are,  therefore,  divisible into three categories: 
namely, those relating to the action of the dwarf gene as indicated by condi- 
tions present at birth and the mode of inheritance  of the dwarf mutation; 
second,  the  immediate  effects of various  crosses on  the  expression  of the 
dwarf gene; and third,  the status of adult animals,  including heterozygous 
dwarf  transmitters  and  other  progeny  derived  from  the  crossing  of  the 
original  dwarf  line  with  unrelated  animals  from  presumably  normal  and 
abnormal  lines.  The  first  two  categories  will  be  covered in  the  present 
paper and reference will be made to the status of adult animals, but a more 
complete description of this phase of the study will be reported in a  later 
paper. 
Materials and Methods 
The first instance of the dwarf variation to be described in this paper was found in 
1931 in a litter derived from a backcross mating of a Polish hybrid female.  Subsequent 
investigation showed that the transmission of the variation  was limited to one family 
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The abnormality is invariably lethal in homozygous form and genetic studies were 
necessarily  carried  out  with  heterozygous  animals.  Progeny  obtained  by  mating 
Polish transmitters with unrelated animals were tested and those found to transmit the 
variation were interbred to form an F2 generation in which  the proportion of normal 
and abnormal individuals was determined. 
Progeny derived from the outcross mating of Polish transmitters were marked for 
future identification and weighed as soon as possible after birth on a Toledo automatic 
balance calibrated in gram intervals.  The body weights of members of the F2 genera- 
tion were obtained in a similar manner and representatives of the various weight classes 
were killed for organ  weight  determinations  and  histological  study.  The  organs of 
dwarfs were weighed on a chemical balance, while those of larger animals were weighed 
on a torsion balance calibrated in milligram intervals. 
A series of experiments of this nature was carried out using animals derived from 
crosses between Polish dwarf transmitters and members of various pure bred and hybrid 
lines,  some of which were known to transmit functional abnormalities.  Dwarfs and 
transmitters obtained in this manner were studied to determine whether or not the new 
factors changed the variation from the original form observed in the Polish. 
Numerous attempts were made to raise dwarfs by artificial feeding and by the ad- 
ministration of various hormones.  In addition, members of the other F~ classes  were 
held under observation to study their reaction to ordinary environmental conditions 
and to determine their ultimate fate. 
Routine tissues  for microscopic examination were fixed in Petrunkewitsch's solution 
and stained with hematoxylin and  eosin.  Pituitary glands were fixed in Susa's solution 
and stained with a modification of Mallory's aniline blue method. 
RESULTS 
Numerous pure bred and hybrid lines have been tested,  but aside from 
minor  influences  on  viability  of  questionable  significance  the  only  line 
found to  carry factors which  modify the  expression of the  dwarf variation 
is one that carries a  cretinoid abnormality (4).  The factors carried by this 
line modify the  body weights of transmitters  and  dwarfs but  have no ap- 
parent  effect on  the  proportion  of affected individuals  in  different genetic 
generations. 
Physical Appearance 
A  pronounced  reduction  in  size  is  the  most obvious physical  alteration 
and  dwarfs  are  approximately  one-third  the  size  of  their  normal  litter 
mates (Fig.  1).  In addition,  an abnormal configuration of the head distin- 
guishes  the  animals  and  serves  to  differentiate  affected  individuals  from 
diminutive forms due to other causes (Fig. 2). 
The  posterior  calvarium  is  rounded  and  bombose  but  its  slope  breaks 
abruptly  in  the  supra-orbital  region,  giving  the  snout  a  characteristic 
dished-out  appearance.  The  ears  are  small  and  because  of  the  enlarged 
calvarium appear to be set abnormally far back in the head.  This appear- 842  DWARF  MUTATION  IN  RABBIT 
ance is frequently so marked as to suggest hydrocephalus but examination 
shows no increase in fluid.  The frontal and parietal bones are calcified only 
at their inferior borders and throughout the remainder of their extent are 
represented solely by membrane. 
Rarely, a second abnormal dwarf type occurs in the litters of dwarf trans- 
mitters.  These animals are slightly larger than dwarfs and the bones of 
the  calvarium  are  almost  completely calcified  at  birth.  In  subsequent 
paragraphs animals of this type will be referred to as semi-dwarfs. 
As  a  general rule,  both  dwarfs and semi-dwarfs are well  nourished at 
birth and possess abundant subcutaneous fat deposits.  With the exception 
of the abnormal skull shape, their bodily proportions are uniformly reduced 
and they appear as miniature reproductions of their normal litter mates. 
In  rare  instances  (0.3 per  cent),  dwarfs  derived from  crosses  with  the 
cretinoid line show other alterations.  Such animals are always born dead 
and present general myxedema of the skin with chyliform effusions in the 
peritoneum, pleura and pericardium. 
Inheritance 
More than 1,000 progeny have been obtained from the crossing of dwarf 
transmitters and normal unrelated animals but only 2 dwarfs have occurred 
in  this generation.  These were both found in  consecutive litters of the 
same parents, a Himalayan female and a dwarf transmitting male.  Similar 
matings involving other  related Himalayan females were undertaken in 
view of  the  possibility  that  this  family carried dwarfing factors of  the 
same nature, but no dwarfs were obtained.  It should be noted, however, 
that  an  abnormality  expressed  as  an  undersized,  dwarfish,  "ratty" 
individual is occasionally found in litters produced by pure bred matings 
within  this  family and  it  is  not  impossible  that  a  concentration of  the 
factors concerned in this abnormality in combination with the dwarf gene 
from the  Polish  line  may have produced the variation in  question.  In 
any case, it is certain that the occurrence of dwarfs in this instance was due 
to a peculiarity of the normal parent rather than to the dominance of the 
dwarf gene. 
At the present time, the interbreeding of dwarf transmitters has given 
rise to  1,321 progeny of which 305  were dwarfs and 33  semi-dwarfs.  On 
the basis of a simple recessive unit factor, 25 per cent or 330 of the animals 
would be expected to  show the dwarf variation.  Actually, the variation 
appeared in 23 per cent of the progeny and the difference  between this figure 
and  the  expected value  is  not  significant from a  genetic point of view. 
The exact status of semi-dwarfs is open to question.  Relatively few of HARRY  S.  N.  GREENE  843 
these animals have been reared to maturity and breeding tests have not 
been  numerous,  but  the  results  obtained  are  highly  suggestive  and  of 
sufficient interest to warrant some consideration. 
To date, the interbreeding of semi-dwarfs has given rise to  23 progeny 
of which 6  were normal in  appearance,  11  were semi-dwarfs and  6  were 
dwarfs--a close approximation  to  a  1:2:1  ratio.  On the other hand, the 
breeding of these animals with ordinary dwarf transmitters resulted in 30 
progeny of which 16 were normal, 6 were semi-dwarfs, and 8 were dwarfs-- 
an approximate 2:1:1  proportion.  In each case, there occurred the same 
3  to  1 ratio of dwarfs that was observed in the interbreeding of ordinary 
dwarf transmitters and it is apparent that the two classes of animals were 
not different with respect to the dwarfing factor. 
However,  the  nature  of  the  differentiating factor  is  indicated by  the 
occasional occurrence of an hereditary size variation leading to a diminutive 
individual  in  non-dwarf transmitting  Polish  stock.  It  is  suggested  that 
such a variation was incorporated by chance in the dwarf producing stock 
and that the semi-dwarf represents an animal of this class rendered smaller 
by the action of the dwarf gene.  The ability of the dwarf gene to exert 
such an influence in heterozygous animals will be discussed in a later para- 
graph and is demonstrated by the size reduction which distinguishes trans- 
mitters of the condition. 
According  to  such  a  conception,  semi-dwarfs  would  be  genetically 
heterozygous for  the  dwarfing factor and homozygous for the diminutive 
factor with a genotype of Aabb in which a represents the dwarf gene and b 
the  diminutive gene.  Checkerboards representing crosses between semi- 
dwarfs and between semi-dwarfs and ordinary transmitters are presented 
in Charts 1 and 2.  It will be observed that the theoretical ratios of 1: 2: 1 
in the first instance and 2: 1 : 1 in the second are identical with those obtained 
in actual breeding experiments. 
Birth Weight 
Two distinct weight classes of approximately equal size are found in the 
litters  of  Polish  dwarf  transmitters  when  mated  with  normal  unrelated 
animals of any line other than that which carries the cretinoid abnormality. 
Members of the heavier class  do not produce the variation and progeny 
derived from interbreeding are of a uniform size.  On the other hand, repre- 
sentatives of the smaller class transmit the dwarf variation when interbred 
and,  in  addition,  their litters  contain the abnormal weight class referred 
to above as well as normal sized individuals (Fig. 1). 844  DWA_I~  M~UTATION  IN RABBIT 
At birth,  the  weights of dwarfs vary between  11  and 23  gin. with an 
average  of  15  gin.,  while semi-dwarfs weigh from 22  to  33  gin.  with an 
average of 26 gin.  A determination of the relationship of the various weight 
classes in individual litters shows that the weights of dwarfs average 35.4 
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CHART 1.  Checkerboard  showing the expected  composition  of the generation obtained 
by crossing semi-dwarfs of a genotype Aabb. 
AB  Ab  aB  ab 
Ab 
ab 
AABb 
Normal 
AaBb 
Normal 
AAbb 
Normal 
A abb 
Semi-dwarf 
AaBb 
Normal 
aaBb 
Dwarf 
Aabb 
Semi-dwarf 
aabb 
Dwarf 
CHART 2.  Checkerboard  showing the  expected composition of  the  generation 
obtained by crossing semi-dwarfs (Aabb)  and ordinary dwarf transmitters (AaBb). 
per cent of the weight of their heaviest litter mate, and by the same stand- 
ard,  the  weights of  semi-dwarfs average  45.5  per  cent  and  transmitters 
74.7 per cent.  In contrast, the weights of normal members of these litters 
average 94 per cent of the weight of the heaviest sib. 
The birth weights of animals derived from crossing Polish dwarf trans- 
mitters with normal, unrelated rabbits and from the interbreeding of trans- 
mitters obtained in this manner are plotted in Chart 3 to show the frequency HARRY  S. N.  GREENE  845 
with which the different weight classes occurred.  The  curve representing 
the first generation approaches a  normal frequency curve while that of the 
second generation is bimodal.  The spread of the first phase of the bimodal 
curve corresponds with that of the first generation but encompasses roughly 
only 75 per cent of the area showing that, while the second generation con- 
tained the same weight classes as were present in the first generation, only 
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about 75 per cent of the animals fell into those classes.  The second phase 
of the bimodal curve represents dwarfs and covers only one-quarter of the 
total area as would be expected if the factor determining  these variations 
was simple and recessive in nature. 
A  clear-cut  birth  weight  distinction  between  transmitters  and  non- 
transmitters  does not occur in lines which carry the cretinoid abnormality. 
In many instances, the smaller members of a litter prove to be transmitters 
but,  on  the  other  hand,  transmitters  often weigh  as much  or  more  than 846  DWARF  MUTATION  IN  RABBIT 
non-transmitters.  In the group as a whole the birth weight of transmitters 
averaged 85 per cent of that of the heaviest litter mate, which is approxi- 
mately 10 per cent higher than  that observed in other transmitters.  In 
addition, the dwarfs obtained from this line are generally heavier and their 
weight averages 40.6 per cent of that of the largest litter mate in contrast 
to 35.4 per cent observed in the case of other dwarfs.  The birth weights 
of progeny obtained from the interbreeding of transmitters of this type are 
plotted  in  Chart  4  and  a  comparison with  the  second generation curve 
presented in Chart 3 brings out the differences mentioned. 
Viability and E~entual Fate 
The  raising  of  transmitters  of  the  dwarf variation  presents  no  great 
difficulty.  Semi-dwarfs  are  viable  but  special  care  is  usually  required 
during the first month of life.  On the other hand, while more than 300 
dwarfs have been studied,  survival for more than  5  days has  only been 
observed in instances in which the expression of the variation was modified 
by the introduction of factors carried by the cretinoid line. 
As a  rule, the dwarfs are born alive but die within 48 hours.  They are 
capable of nursing and will usually gorge themselves at the first feeding. 
Occasionally they will nurse a second or third time but, thereafter, although 
their  efforts may continue vigorous,  they generally fail  to  obtain  milk. 
They may nurse successfully for a  few additional feedings if held to  the 
doe's breast but, in a short time, this procedure fails and the animals cease 
to  suckle or are unable to obtain milk.  The feeding of cow's milk or of 
material obtained from the stomachs of killed nurselings may prolong life 
for a few days but eventually, despite a full stomach, the animals die. 
The administration of thyroid extracts at birth or to the mother during 
the last days of gestation has been without appreciable effect in prolonging 
life.  In like manner, treatment with the growth hormone of the pituitary 
has  been  unsuccessful.  On  the  other  hand,  the  implantation  of  whole 
pituitary glands obtained from normal litter mates into the subcutaneous 
tissues of dwarfs maintained life for as long as 5 days in a number of cases. 
Therapeutic measures were not attempted in the 4 instances in which life 
continued for more than 5  days and the animals were left undisturbed in 
their mother's care.  It should be emphasized, however, that in all of these 
cases one or both parents carried factors concerned in the production of the 
cretinoid abnormality.  2 of the dwarfs were litter mates but the remaining 
animals were nursed by different mothers and were born at different periods 
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One dwarf weighed 17 gin. at birth,  survived for 14 days and died weighing 21 gm. 
A second dwarf weighed 23 gin. at birth, survived 23 days and at death weighed 44 gm. 
In a third case the birth weight was 22 gin., the animal lived 26 days and died weighing 
68 gin., and in a fourth instance the birth weight was 19 gin., the survival period 55 days 
and the death weight 96 gin.  In the 3 latter cases, the growth rate paralleled that of 
normal animals for approximately three-quarters of the survival period but then reached 
a plateau and the animals died immediately after a loss of weight became evident. 
The  appearance of survivors was characteristic  and,  if the  animals  had 
been found in the wild at the end of a month of life, their species identifica- 
tion might be in doubt (Figs. 3, 4 and 5).  The bones of the skull became 
calcified but the  bombose configuration  of the  calvarium  persisted.  The 
ears remained  small and  resembled those of a  kitten.  The  abdomen was 
full and rounded and there were large deposits of fat in  the region of the 
shoulder girdle.  The hair was soft and silky.  During the period of active 
growth, the animals were vigorous and playful but with cessation of growth 
they became  apathetic  and  sat  hunched  in  one  position  throughout  the 
day.  Usually, diarrhea  was present  during  the last  days of life. 
The  survival  periods  of  semi-dwarfs  and  of  transmitters  are  indefinite 
and animals of the latter class have been held for as long as 5 years.  The 
growth rate of transmitters is comparable with that of normal animals but 
the size alteration observed at birth persists throughout life and the varia- 
tion in adult weight is of a similar order.  In the case of semi-dwarfs, growth 
persists for a  longer period of time so that  their  adult weight approaches 
that of ordinary transmitters  and birth weight relationships  do not obtain 
after  maturity. 
The great majority of transmitters present no external physical alteration 
other than that of size but abnormalities worthy of comment have occurred 
in several instances.  Cataracts of the lens and structural variations of the 
iris appear with considerable frequency in first generation hybrids derived 
from the Himalayan  breed and  recur in  subsequent generations.  On the 
other hand, such abnormalities as kyphosis of the spine and internal bowing 
of the forelegs which occasionally appear in F1 hybrids apparently are not 
transmitted to a second generation.  An unusual variation in the calvarium 
consisting  of  symmetrically  placed  defects  in  the  frontal  bones  has  fre- 
quently been observed at autopsy (Fig.  6).  The defects occasionally per- 
sist throughout  life as  sharply circumscribed oval areas completely devoid 
of bone.  In other cases, healing occurs but a  persistent fissure marks the 
site  of  the  defect.  The  variation  occurs  with  the  highest  incidence  in 
transmitters derived from the Himalayan breed but also occurs in transmit- 
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There is no evidence to suggest that any of the abnormalities enumerated 
form an integral part  of the  dwarf variation.  It  would  appear,  on  the 
other hand, that they are independent variations and that their occurrence 
in dwarf transmitters is due to chance association. 
The early history of the animals is usually uneventful and the majority 
are no more subject to the disorders of immaturity than their normal litter 
mates.  Some animals, however, particularly those derived from a  Hima- 
layan cross, present a  disorder characterized by the resorption of calcium 
which may lead  to  spontaneous  fracture  or  bending  of  the  long  bones. 
Death may occur after a period distinguished by loss of appetite, arrested 
growth and general debility and is usually preceded by signs of an acute 
gastro-intestinal upset.  Recovery is the rule but such animals are subject 
to further disturbances of a  similar order after maturity is attained. 
The majority of female semi-dwarfs and transmitters become overfat at 
maturity and, unless they are bred at frequent intervals, the fat in normal 
regions accumulates to an abnormal extent.  Large deposits of fat are also 
found in abnormal depots, particularly in the anterior triangle of the neck 
and  about  the  shoulder  girdle.  Despite  this  manifestation  the  animals 
remain  alert  and  active without  the apathetic  disposition  which usually 
characterizes adipose animals.  Males do not become overfat but continue 
vigorous  and  thrifty  and  are  frequently characterized by  a  pugnacious 
disposition. 
The fertility of both males and females is high but litter size is generally 
smaller than normal and averages 3 to 4, rather than 5 to 6 as in the general 
rabbit population.  The susceptibility to snuffles, a common upper respira- 
tory  infection  in  the  rabbit,  is  intermediate  and  the  susceptibility  to 
gastro-intestinal  disturbances  is  below  the  average. 
A recurrence of the disturbance of calcium metabolism observed in early 
life is common in recovered animals but the disorder also occurs in animals 
whose early development proceeded in a  normal manner.  Manifestations 
of the disorder are particularly apparent in the calvarium and teeth.  The 
bones of the calvarium, especially the parietal bones, are roughened and at 
autopsy are found covered with deep erosions.  The incisor teeth are pitted 
and frequently are ground down to the gum margin.  The molar teeth are 
worn into irregular shapes with sharp edges which produce chronic ulcers 
on the tongue and cheek.  Occasionally, the crowns are flattened and the 
teeth bent inward to meet in  the midline, forming a  bony arch over the 
tongue  which  may  be  almost  completely bisected  by  ulceration.  Such 
animals are unable to masticate and would die of starvation if the condi- 
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Females are  particularly  susceptible  to  toxemia of pregnancy in  their 
third or fourth gestation (5, 6).  The incidence of deaths due to this disorder 
is 30 per cent in contrast to an incidence of 19 per cent in non-transmitters 
of  the  same  derivation.  Animals  that  survive  the  disorders  of  calcium 
metabolism and toxemia of pregnancy for 4 years almost invariably show 
adenomata or adenocarcinomata of the uterine fundus.  This finding was 
noted in a  previous report  (7)  and will be considered in  detail in  a  later 
paper.  Males are generally distinguished by a  long productive breeding 
history.  There has been no evidence that they were susceptible to endo- 
crine disturbances in later life and the incidence of tumors is  no greater 
than in the general male population of the colony. 
Postmortem Findings 
At birth  dwarfs  show no  gross  abnormality other than  a  reduction in 
size.  Animals that survive to the 4th or 5th day frequently show a  uni- 
lateral  or  bilateral  hydronephrosis  and,  in  such  cases,  the  ureters  are 
imperfectly developed with either a lumen or an attachment to the bladder 
lacking.  In other instances, no organic lesion is found, the stomach con- 
tains milk and there are abundant deposits of pinkish fat throughout the 
body. 
Pneumonia was the immediate cause of death of the dwarf that survived 
for 14 days, while the 2 animals that lived for 23 and 26 days respectively 
showed no gross lesion to account for death other than a moderate bilateral 
hydronephrosis.  Atrophy of the gonads was  a  striking  feature in  these 
animals.  One was a  male and 2  were females but the gonads were only 
found after a thorough search and their identity as ovaries or testicles could 
not be determined by gross examination.  The single animal that lived for 
55 days showed small hemorrhages on the surface of the intestine but the 
pelvis  of  the  kidney was  not  dilated  and  the  ureters  were patent.  No 
gonads  were found  but  examination  of  the  external  genitalia  suggested 
that the animal was a male. 
Organ Weights 
The weights of the organs of dwarfs, transmitters and their normal litter 
mates were determined at birth and the averaged figures are presented in 
Table I.  Both actual weights and percentage values computed from the 
net body weight are given.  The net body weight was obtained by sub- 
tracting the weight of the gastro-intestinal mass from the gross body weight. 
The  differentiation of  normal  and  transmitting  animals  at  birth  was 
based  on  gross  body  weight.  The  weight  limits  of  these  classes  were 850  DWAI~  MUTATION  IN  RABBIT 
determined  by rearing  and  testing numerous progeny,  and  to  compensate 
for  the  possibility of  overlap  and  to  minimize  the  danger  of  erroneous 
classification the animals used for birth organ weight determinations were 
selected from  the  middle  of  their  respective groups.  Unfortunately,  the 
organ  weights of newborn  semi-dwarfs are  not  available.  These  animals 
are comparatively rare and it seemed more advantageous to raise them for 
genetic  studies  than  to  kill  them  for  this  purpose. 
TABLE  I 
The Averaged Organ Weights of Normal A nimals, Dwarf Transmitters and Dwarfs Obtained 
at Birth 
Classification 
Normal ........ 
Transmitter .... 
Dwarf ......... 
Thyroid 
Net 
bod  ay  Per cent 
weight  Actual  i of net 
bo  weight  weigd~t 
gin.  r~g.  per  cent 
37.5  6.80  0.018 
28.9  5.05  0.017 
15.9  1.90  0.012 
Pituitary 
rag.  ]  per  vent 
2.40j  0.006 
1.23  0.004 
0.45  0.002 
Left  suprarenal  Thymus  Spleen 
.,.  l, ,c.n,i .,.  I ,.en, i   erc.n, 
2.301 0.006] 60.7 0.162 11.90 0.031 
1.37  0.004]  47.3  0.163]  5.73  0.019 
0.70  0.004  31.5  0.196  2.60  0.019 
I 
Classification  Liver  [  Left kidney  Heart  Lungs  Brain 
l 
""  °'  °' 
Normal ........  [2474.516.59[  0.490  250.7  0.668]  564  1.50  1223.5  3.25 
Transmitter ....  1796.3[  6.21  [  153.3  0.523  199.0  0.668  457  1.58  1145.3  3.96 
Dwarf .........  947.0  5.91  97.0  0.606  128.0  0.800  258  1.61  949.0  5.93 
It should be noted that an estimation of the weight of the thyroid gland 
in  young  animals  is  extremely  difficult.  The  organ  is  not  distinct  from 
surrounding structures and arbitrary limits must be assigned to the amount 
of tissue to be removed for weighing.  It is obvious that the determinations 
cannot be accepted as actual weights of the thyroid gland but the procedure 
and the limits of the tissue removed were the same in all instances and for 
these reasons the  determinations  are  of value as relative measures of the 
weight of the organ. 
The actual weights of all organs were decreased in transmitters and lowest 
in dwarfs but a  comparison based on the relation to net body weight shows 
that in a  number of cases the decrease was not proportionate  and that  in HARRY  S.  N.  GREENE  851 
others the relative weight was actually increased.  The amounts of thyroid, 
suprarenal,  pituitary,  liver  and  spleen  substance  per  gram  of  net  body 
weight were reduced in transmitters and least in dwarfs, while the relative 
amounts of thymus, kidney, heart, lung and brain substance were increased 
in transmitters and largest in dwarfs.  The decrease in the relative weight 
of organs in dwarfs was most pronounced in the case of the thyroid, pitui- 
tary and suprarenal while the increase was greatest in the case of the brain. 
Microscopic Examination at Birth 
The dwarfs show no striking histological abnormality.  Individual cells 
are not reduced in size but are present in decreased numbers. 
Both  acidophiles  and  basophiles  are  found  in  the  pituitary  and  their 
proportion is not significantly different from that observed in normal litter 
mates  (Fig.  8).  If  any  alteration  exists  it  lies  in  the  direction  of  the 
increased number of granular elements with a  corresponding reduction in 
chromophobes.  Sections of the  thyroid show a  well organized structure 
of normal  appearing  follicles filled with  deep-staining  colloid.  The  dif- 
ferent zones of the suprarenal cortex are not well defined and individual 
cells  are hazy and  stain  poorly, but  the relative  amounts of cortex and 
medulla  are  comparable  with  those  found  in  normal  newborn  animals. 
The liver and spleen contain an excessive amount of hematopoietic tissue. 
Microscopic Examination of Survivors 
With  the  exception  of  the  hypophysis,  the  organs  of  the  4  survivors 
showed few abnormal histological changes other than those associated with 
immaturity.  Numerous foci of hematopoietic tissue persisted in the liver 
and  spleen  and  the  abundance of dark-staining  endothelial nuclei which 
characterize the kidney glomeruli of newborn were still present in the 55 
day old animal.  The various zones of the suprarenal could not be recog- 
nized at any period and the staining properties of the cells became progres- 
sively poorer, so that in the older animals cell outlines could only be distin- 
guished with difficulty.  The follicles of the thyroid increased in size with 
age and, in the older animals, no evidence of colloid absorption  could be 
detected. 
The striking alteration in  the hypophysis was the pronounced increase 
in the size and number of acidophiles (Figs. 7, 9, 10 and 11).  The increase 
was generalized throughout the anterior lobe and in many areas no other 
elements could be found.  Scattered loci of basophiles were present in other 
instances  and  these  cells  were  also  greatly  enlarged.  The  intermediate 852  DWAI~  MUTATION  IN  RABBIT 
lobe was narrow and the cleft representing the lumen of Rathke's pouch 
persisted even in the 55 day old animals. 
DISCUSSION 
Hereditary forms of dwarfism have been described in man (8), mice (9), 
guinea pigs (10)  and rats  (11).  Two types of the disorder have been dif- 
ferentiated in man; nannosomia primordialis, in which retarded growth is 
apparent at birth and, nannosomia infantilis, in which individuals are of 
normal size  at  birth  but  cease  to  develop during early  childhood.  The 
determining factors in the development of the first type are not understood, 
while the pathogenesis of the second type is associated with achondroplasia, 
rickets, or abnormalities of the pituitary and thyroid.  The dwarfs described 
in mice, guinea pigs and rats are of the latter class but both forms are found 
in  the  rabbit.  The present investigations have  been  concerned entirely 
with the form evident at birth and a consideration of the results obtained 
throws some light on its pathogenesis. 
The abnormality is hereditary and determined by a simple recessive unit 
factor but the factor also exerts an influence in heterozygous animals where 
its action is likewise manifest by a reduction in size.  The site of action of the 
factor is not apparent from an examination of ordinary dwarfs but a study 
of the few survivors that occurred in crosses with the cretinoid line suggests 
that the organ primarily affected by the hereditary variation may be the 
pituitary. 
The disproportionate reduction in the weights of the endocrine organs 
of dwarfs and transmitters at birth indicates a primary fault in this system, 
but histological examination reveals no striking alteration.  The thyroid 
and suprarenal show little modification in surviving dwarfs but the normal 
histological elements of the anterior lobe of the pituitary are  completely 
replaced by hypertrophic acidophiles, and this change is associated with 
atrophy of the gonads.  The animals are thus the antithesis of the dwarf 
mice described by Smith and MacDowell in which acidophiles are absent 
and  the reproductive system highly developed (12).  In  such instances, 
there is apparently a suppression of the growth-promoting hormone without 
a  corresponding suppression of the gonadotropic hormone, whereas in the 
animals  under  discussion suppression of  the  gonad-stimulating hormone 
appears to be an important feature. 
Apparently,  the  factor  responsible  for  the  longer  survival  of  dwarfs 
obtained  from  crosses  involving  the  cretinoid  line  results  in  a  greater 
activity of the acidophilic cells and thus supplies growth-stimulating sub- 
stances which are absent in ordinary dwarfs.  The greater birth weight of HARRY  S.  N.  GREENE  853 
both dwarfs and transmitters of this line may conceivably be due to pre- 
natal activity of this nature.  However, the addition of this factor is not 
sufficient to  prolong life beyond a  certain limit  and  death is  apparently 
related to the absence of the gonadotropic hormone or of some genetically 
related substance.  The failure of ordinary dwarfs to survive may in like 
manner be due to a more complete paralysis of the secretory function of the 
pituitary.  The survival to birth in such cases might be explained by the 
utilization of maternal hormones. 
The surviving dwarfs resemble in some respects the dwarfs produced by 
Zondek in infantile rats  (13).  Following continued treatment with estrin 
he observed a retardation of growth amounting to 43 per cent as judged by 
controls,  together with a  complete arrest in  gonad development, and ad- 
vanced the explanation that estrin acted to inhibit the secretion of pituitary 
hormones.  A possible association with an abnormality in estrin metabolism 
in the present instances is further suggested by the great number of carriers 
of the dwarf gene that eventually develop adenocarcinoma of the uterine 
fundus.  This association will be considered in detail in a later paper. 
In any case, the evidence at hand indicates that the pituitary is so affected 
by an hereditary variation that its  secretory functions are inhibited.  In 
homozygous individuals,  the  inhibition  is  complete  and  the  variation  is 
expressed as a lethal dwarf.  In heterozygous animals, the function of the 
organ is altered, producing an undersized individual with a  high suscepti- 
bility to  uterine  cancer.  The introduction of factors from the  cretinoid 
line either partially removes the inhibition so as to allow hyperplasia and 
function of the acidophiles or alters the constitution of the animals in such 
manner that life is possible for a  short period without the full component 
of pituitary hormones.  Theoretically, it  should be  possible  to  maintain 
life  indefinitely  by  replacement  therapy.  The  implantation  of  whole 
pituitary glands has  prolonged life 2  to  3  days beyond the average in  a 
number of cases and its eventual failure may be related either to an insuffi- 
cient amount of available hormone in the implanted glands or to mechanical 
difficulties  in  absorption.  Further  investigations  along  this  line  are  in 
progress. 
It is of interest from a  genetic point of view that the reduction in size 
of dwarfs and transmitters is of a measured order.  The homozygous lethal 
dwarf is one-third and the heterozygous transmitting animal two-thirds the 
size of their normal litter mates.  As a rule, the study of size inheritance is 
distinguished  by  the  absence  of  clearly marked  classes  and  there  is  no 
evidence of the clean-cut segregation that occurs in the inheritance of other 
traits.  In the present instance, however, there is clear-cut segregation into 854  DWARF  MUTATION  IN  RABBIT 
distinct  classes  and it  is  apparent  that  a  unit  factor is operative in  the 
determination of size. 
As a matter of fact, size inheritance of this type characterizes the history 
of the line in  which the dwarfs occur.  The  Polish  breed was  originally 
derived from the Dutch and arose as a  size mutation of a  definite order. 
Moreover, first generation crosses between Polish and other larger breeds 
result not in a series of fairly uniform individuals of intermediate size, but 
in  more or less definite classes of larger and smaller animals.  A  further 
distinct size class occasionally occurs in the breeding of non-dwarf transmit- 
ting Polish and is represented in the dwarf transmitting line by the semi- 
dwarf described above.  It is conceivable, therefore, that the lethal dwarf 
represents the final stage in a  series of size mutations leading to  distinct 
classes of individuals  whose size  is  of a  measured order of reduction in 
relation to their forebears. 
SUMMARY 
An hereditary type of dwarfism in the rabbit  has  been  described.  In 
contrast to  the dwarfs described in other animals,  this type is evident at 
birth and conforms to the classification,  nannosomia primordialis, as used 
in  human  pathology.  In  homozygous form  the  variation  is  lethal  and 
produces  a  miniature  individual  approximately one-third  the  size  of  its 
normal  sibs.  Heterozygous  animals  are  approximately  two-thirds  the 
size of normal sibs at birth and never attain an equal stature. 
The expression of the variation is modified by genetic factors carried by a 
line of cretinoid animals and, rarely, dwarfs derived from crosses with this 
line survive for 1 to 2 months.  The striking changes in such survivors are 
hypertrophy and hyperplasia of the acidophilic cells of the pituitary and 
atrophy of the gonads.  Such changes are not present in ordinary dwarfs 
and it is concluded that the acidophilic hyperplasia represents the influence 
of the modifying factors of the cretinoid line and supplies the growth hor- 
mone responsible for survival.  The gonadotropic hormone is not supplied 
by the secretory activity of these cells and as a result the gonads atrophy. 
The evidence at hand indicates that the primary effect of the dwarfing 
gene is an inhibition of the secretory functions of the pituitary.  In homo- 
zygous individuals, the inhibition is complete and the variation is expressed 
as a  lethal dwarf.  In heterozygous animals,  the function of the organ is 
altered, producing an undersized individual.  The modifying factors of the 
cretinoid line act either to partially remove the inhibition or to  alter the 
constitution of the animal so that life is possible for a short period without 
the full complement of pituitary hormones. HARRY  S. N. GREENE  855 
BIBLIOGRAPHY 
1.  Greene, H. S. N., Hu, C. K., and Brown, W. H., Science, 1934, 79, 487. 
2.  Castle, W. E., J. Exp. Zool., 1929, 53, 421. 
3.  Rosahn, P. D., and Greene, H. S. N., J. Exp. Med., 1936, 63, 901. 
4.  Hu, C. K., and Greene, H. S. N., Scien6e, 1935, 81, 24. 
5.  Greene, H. S. N., J. Exp. Med., 1937, 65~ 809. 
6.  Greene, H. S. N., J. Exp. Med., 1938, 67, 369. 
7.  Greene, H. S. N., and Saxton, J. A., Jr., J. Exp. Med., 1938, 6"/, 691. 
8.  Rischbeth,  H., and Barrington, A., Eugenics Laboratory Memoirs XV, parts VII 
and VIII, London, Dulau and Co., 1912. 
9.  Snell, G. D., Proc. Nat. Acad. Sc., 1929, 15, 733. 
10.  SoUas, I. B. J., Rep. Evolution Com. Roy. Soc., 1909, 5, 51. 
11. Lambert, W. V., and Sciuchetti, A. M., J. Here&, 1935, 26, 91. 
12.  Smith, P. E., and MacDowell, E. C., Anat. Record, 1930, 46, 249. 
13. Zondek, B., Lancet, 1936, 1, 10. 856  DWAR~  MUTATION IN  RABBIT 
EXPLANATION OF PLATES 
PLATE 48 
FIG.  1.  Photograph of litter mates taken at birth showing from top to bottom, a 
normal animal, a dwarf transmitter and a  dwarf. 
FIG.  2.  The calvarium of  a  dwarf  (lower  figure)  compared with that of a  normal 
litter mate. 
FIG. 3.  Surviving dwarf and normal litter mate 20 days after birth. THE JOURNAL OF  EXPERIMENTAL  MEDICINE VOL.  71  PLATE 50 
Photographed by j'. A. Carlile 
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